We investigate evaporation of a sessile droplet on a non-wetted surface in the framework of diffusionlimited and quasi-steady evaporation. We extend previous models and numerically solve Laplace equation 
Owing to several technical applications, the evaporation of a sessile droplet on a solid surface is a much-studied problem in the interface science in the last decade [1] . In particular, an evaporating droplet can be utilized to self-assemble colloidal particles suspended in it [2] . In the framework of quasi-steady and diffusion-limited evaporation, previous studies [2, 3] have shown that the evaporation mass flux (J [kg m -2 s]) on the liquid-gas interface is non-uniform on a partially-wetted substrate (0 <  ≤ 90) and the largest evaporation occurs near the contact line. Hu and Larson [3] simplified Deegan's model [2] and provided the following simplified expression of J for a partially-wetted surface, 
where r,  and R are the radial coordinate, contact angle and wetted radius respectively. The expressions of J0( ) and () are given as follows [3] , 
where D is the diffusion coefficient [m 2 s -1 ] of the liquid vapor in outside gas, csat is vapor concentration [kg m -3 ] at its saturated value at the ambient temperature, c is the concentration value in the ambient and R is the wetted radius of the droplet. The evaporation mass flux diverges at the contact line (r = R) for  < 90 [2, 3] and a constant value for  = 90 is given by the following expression [4] ,
The largest error between the numerical solution as compared to the fitted solution obtained by eq.
1 was around 6% [3] .
In case of a non-wetted surface (90 <  ≤ 180), the largest evaporation occurs at the apex of the droplet [5] . The non-wettability or a larger contact angle can be achieved by engineering nano-and micro-textures on a surface with contact angle larger than 65° [6, 7] . Popov [4] derived the following generalized expression of J, valid for any contact angle, 0 <  ≤ 180.
where  and P-1/2+i are toroidal coordinate and Legendre functions of the first kind, respectively [4] . Stauber et al. [5] revisited solution of an equivalent electrostatics problem reported by Smith and Barakat [8] and derived the following closed form of J for a non-wetted surface at  = 180,
where B0() is the Bessel function of the first kind of zeroth order, Rsph is the radius of the sphere fitted to the droplet (Rsph = R/sin) and z is the axial coordinate on the liquid-gas interface, and showed that the profile of J for a non-wetted surface is significantly different than that for a partially-wetted surface [2, 3] . Specifically, in the former, J slightly decreases along the upper half of the droplet and decays to a smaller value near the contact line in the lower half.
The expression of J for non-wetted surface (90 <  ≤ 180) reported in the literature (eq. reported by Hu et al. [11] , exhibits singularity at  = 180. In addition, using scaling analysis, previous studies have shown the dependence of the magnitude of the internal evaporation-driven flow velocity on J on the partially-wetted surface. For instance, the internal flow velocity scales with J near the contact line in the absence of Marangoni stresses [12] . The scaling analysis of the internal flow velocity on a non-wetted surface has not been reported thus far, to the best of our knowledge. Therefore, the objective of this letter is to derive simple and accurate expressions of the evaporation mass flux and evaporation rate of an evaporating sessile droplet on a non-wetted surface (90 <  ≤ 180). A secondary objective is to estimate the direction and magnitude of the internal velocity by scaling analysis, using the derived expression of J.
First, we numerically integrate eq. 5 to obtain J at  = 180 and compare our data with solution of an equivalent electrostatics problem, reported by Smith and Barakat [8] . In this problem, the electrostatic potential field is solved around two perfectly conducting contiguous spheres of the same radius. The vapor concentration and evaporation flux correspond to the electrostatic potential and surface charge density, respectively. Second, a finite element method based numerical model is employed for simulating the diffusion-limited and quasi-steady evaporation of a sessile, spherical cap droplet on a non-wetted surface at ambient temperature ( Fig. 2(a) ). We solve the diffusion of the liquid vapor in the air surrounding the droplet using Laplace equation [3] , , where subscript LG denotes the liquid-gas interface. We solve the Laplace Table S2 in the supplementary data). J0, k, b and  in eq. 7 are obtained as polynomial fits using data in Table S1 and are expressed as follows,   
The R 2 values of the fittings in eq. 8 are larger than 0.97 (listed in Table S3 in the supplementary data). In eq. 8, the profile of  with respect to  is linear, similar to that obtained by Hu and Larson Third, we calculate the normalized evaporation mass rate ( N M  ) based on droplet height (H) by integrating J (eq. 7) over the liquid-gas interface and is given as follows, 
We numerically solve eqs. 9 and 10 for different values of  and compare profiles of Fig.   4 . The values obtained by eq. 9 are in good agreement with those obtained by eq. 10, with a maximum difference of 3%. Therefore, the comparison verifies the fidelity of the proposed expression of J (eqs. 7-8). The profile obtained by eq. 9 is almost overlapping with a series solution proposed by Picknett and Bexon [13] and is also closer to a profile recently reported by Hu et al.
[11]. In Fig. 4 , the computed values obtained using eq. 
The profile obtained by eq. 11 is plotted in Fig. 4 and almost overlaps with that obtained by eq.
10. Note that there is a singularity in the limit of   180 in the solution of eq. 10, also reported by Hu et al. [11] . However, eq. 11 does not exhibit the singularity at   180.
Finally, we propose an expression for the internal evaporation-driven velocity on a non- line results in a radially outward evaporation-driven flow. If the droplet is loaded with colloidal particles, they advect towards the contact line to form a ring-like deposit [2] , as shown in a schematic in Fig. 5(a) . Based on the expression of the radial velocity reported by Hu and Larson [14] , a scaling of internal evaporation-driven velocity, Vrad, was reported in Ref. [12] and is given by, max / rad VJ  , where Jmax is the maximum evaporation occurs near the contact line and  is the density of the liquid. , where C is Catalan constant and R is the wetted radius. Reported experiments provide corroboration of the proposed postulation [15, 16] .
For instance, Manukyan et al. [15] imaged internal velocity profile in an evaporating droplet on a hydrophobic surface and showed that a convection current occurs from the contact line to the center of the droplet for a non-wetted surface. Similarly, Chen and Evans [16] showed that the colloidal particles move upward due to larger mass loss at the apex of the droplet as compared to near the contact line. . We obtain the magnitude of the internal velocity using scaling analysis and expression of J. The direction of the velocity on a non-wetted surface is found to be opposite to that on the partially-wetted surface and is consistent with the previous measurements. The present work provides fundamental insights into the variation of J with space and contact angle, and variation of M  with contact angle for a non-wetted surface. The proposed simple and accurate expressions of J and M  will be useful to build complex models for addressing coupled mass, momentum and heat transport during the evaporation.
